Background. Chlorella vulgaris alga is one of the most important additives for enhancing the nutritional content of conventional foods, hence positively affecting human health. This alga is known as a rich source of protein, fatty acids, fiber, essential vitamins and minerals. Also, it contains antioxidants, omega 3, antiviral and anticancer properties. The aim of this research is increasing the nutritional and potential therapeutic value of processed cheese by using Chlorella vulgaris alga, taking advantage of its high nutritional and health value. Materials and methods. The ingredients in the processed cheese blends were mature cheddar cheese, Ras cheese, butter, skimmed milk powder, Emulsifying salts (K-2394, S9s & S4), Chlorella vulgaris (in freezedried and slurry forms). Chemical, rheological and sensory evaluation properties were evaluated in processed cheese analogue (PCA) treatments when fresh and after three months of cold storage at 5-7°C. PCA treatments were enriched with 2%, 4% and 6% dried Chlorella vulgaris powder in the cheese blends and 4% Chlorella vulgaris slurry. Results. The incorporation of alga into processed cheese led to an increase in their functional characteristics. The results of sensory evaluation of PCA samples demonstrated that 2% of alga addition was the best treatment, followed by 4%, but that the level of 6% was unacceptable to consumers. The studied alga enhanced the cheese analog with the high levels of selenium, zinc, iron, magnesium and potassium. Antioxidant activity in the cheese enhanced with Chlorella vulgaris was higher than the control sample. To improve some properties of PCA, other emulsifying salts (S9S and S4) were tested and the alga was added in the form of slurry with value of 4% into the cheese blend. Both S9S and S4 emulsifying salts were good and the S4 was the best for oiling off and meltability. Also, when using the slurry of Chlorella vulgaris, the granular texture of the cheese analog completely disappeared. Conclusions. The results showed that the alga indeed increased nutrition values and health benefits to the processed cheese, making it a substantial functional food. Therefore, we recommend supporting the manufacture of the processed cheese analogue with the addition of 2% Chlorella vulgaris alga in soft powder form and 4% Chlorella vulgaris alga in slurry form at the end of the processing.
INTRODUCTION
Processed cheese is a very important dairy product, which is produced and handled easily without the need for special conditions due to its high conservation capacity. It is also a very popular product, especially for children owing, to pleasant flavor and distinctive texture. Processed cheese differs from natural cheese in the fact that processed cheese is not made directly from milk. However, the main ingredient of processed cheese is natural cheese. Processed cheese is produced by blending natural cheeses of different ages and degrees of maturity in the presence of emulsifying salts and other dairy and nondairy ingredients, followed by heating and continuous mixing to form a homogeneous product with an extended shelf life (Guinee et al., 2004; Meyer, 1973; Thomas, 1973) . The initial idea of processed cheese was to increase the shelf life of natural cheese and find alternative uses for natural cheese that was difficult to sell. In recent times, there was an interest in the development of processed cheese in order to raise its nutritional value to benefit people who suffer from diseases such as heart disease or hardening of the arteries, reduce the cost of production or increase the shelf life. In the United States, the development of processed cheese was brought about by Kraft in 1916, when he preserved natural cheese in cans by heating and mixing it in order to increase its shelf life (Kapoor and Metzger, 2008) . Also, new varieties of processed cheese were invented using non-conventional additives, such as the production of processed cheese with peppers, spices, oat and olives and smoked processed cheese etc. The nutritional and potential therapeutic value of food is a key characteristic in the development of new value-added products that are manufactured for health-conscious consumers (Fox et al., 2017) .
The aim of this research is increasing the nutritional and potential therapeutic value of processed cheese analogue using Chlorella vulgaris alga, due to its high nutritional and health value. It was cultivated as a source of highly valuable molecules such as polyunsaturated fatty acids, pigments, antioxidants, pharmaceuticals and other biologically active compounds (Gouveia et al., 2008) . Chlorella sp. has been used for many centuries as a nutrient-dense food in Asia, Africa and Mexico. However commercial large-scale production of microalgae only began in the early 1960s (Japan), and nowadays microalgae are mainly marketed as food supplements, commonly sold in the form of tablets, capsules or liquids. Additionally, there is an increasingly growing market for food products with added microalgae, such as pastas, biscuits, bread, snack foods, candy bars or gums, yogurts, drink mixes, soft drinks, etc., either as nutritious supplement, or as a source of natural food colorant (Becker, 2007) .
Chlorella sp. contains high-antioxidant components, abundant amino acids, high-quality proteins, Fe and Ca, unsaturated fatty acids, and many types of vitamins including A, B2, B6, B8, B12, E and K. It has antiviral and anti-tumor effects and reduces blood lipids, blood sugar, body weight, and wound healing time. Therefore, it is known as therapeutic and functional food (Gyenis et al., 2005; Kreitlow et al., 1999; Merchant and Andre, 2001 ). Chlorella sp. has health benefits, such as ameliorating disorders such as gastric ulcers, wounds, constipation, anemia and hypertension and has immune-modulating and anticancer properties, and is also a promising ingredient in the food industry The present study was undertaken to gain more knowledge about using Chlorella vulgaris as an alimentary and healthy supplement in a processed cheese analogue. 
MATERIALS AND METHODS

Materials
Methods
Preparation of alga.
The alga was used as powder in the blend. Clean growth was performed in a 1200 L Zigzag photo-bioreactor, according to El-Sayed (2011) , in the presence of the growth media as described by El-Sayed et al. (2001) . For harvesting and cleaning of the obtained biomass, a series of precipitation and washing processes were performed using tap water and a cooling centrifuge (HEIDELBERG RUNNE, .
Manufacture of the processed cheese analogue (PCA). Processed cheese analogue (PCA) was manufactured as described by Savello et al. (1989) with some modifications. All experimental PCA treatments were formulated to yield PCA with 50-55% moisture and 48-50% fat-in-dry-matter. The PCA treatments were manufactured using dried Chlorella vulgaris in ratios of 2%, 4% and 6% and slurry of Chlorella vulgaris in a ratio of 4% as shown in Table 2 . The processed cheese and PCA treatments were prepared by blending the dry ingredients with previously warmed (50°C) milk fat into a processing batch type kettle of 10 kg capacity, at the pilot plant unit of the National Research Centre. Cooking was carried out using direct an injection of steam at a pressure of 1.5 bar to 66°C with continuous agitation for 4 min. The blends were further heated to a final temperature of 82°C in approximately 4 min. The blends were held at 82°C for 1 min to add the alga, prior to pouring into tin cans, then stored at 5-7°C.
Methods of analysis.
The nutrient profile of Chlorella vulgaris was determined by AOAC (2006) in terms of moisture, ash, protein, fat and fiber contents. Total carbohydrate contents were calculated by difference. For the cheese samples, total solids content, fat content, titratable acidity, soluble nitrogen and total protein content were determined as described by Ling (1963) . The ash content was determined according to the method by AOAC (2006) . Salt content was determined as described by Bradley et al. (1992) . The pH values were measured using a laboratory digital pH meter model Adwa 1030. Mineral contents were measured using flame ionization by Atomic Absorption Spectrophotometer (model: GBC932AA) at the Regional Centre for Food and Feed, Agricultural Research Center, Giza. The fiber content was determined according to AOAC (2006) . Vitamins were analyzed at the National Research Center as mention by De Leenheer and Lambert (2000) . Antioxidant activity was determined at the National Research Center according to Hatano et al. (1988) with some modifications. Oiling off was determined according to the method outlined by Thomas (1973) . Meltability of the sample of processed cheese was determined according to the method designed by Olson and Price (1958) and slightly modified by Savello et al. (1989) . Texture properties of PCAs were analyzed using a universal testing machine (Instron), as described by Bourne Szczesniak et al. (1963) . Statistical analyses were performed using Statistical Package for the Social Sciences (SPSS version 20 (IBM)) software. Each preparation and measurement was conducted in triplicate. The experimental data were subjected to an analysis of variance for a completely random design. Duncan's multiple range tests were used to determine the difference among means at the level of 0.05.
Organoleptic properties evaluation.
All samples of processed cheese were evaluated organoleptically for different sensory properties using a hedonic scale of 1-5, which was designed based on the hedonic scales provided by Brandt et al. (1963 ), Caul (1957 and Larmond (1977) . The sensory evaluation was carried out by 15 staff members of the Dairy Department, Al-Azhar University.
RESULTS AND DISCUSSION
Effect of adding dried Chlorella vulgaris on properties of processed cheese
This part discusses the manufacture of a functional dairy product by mixing processed cheese with 2%, 4% and 6% of dried Chlorella vulgaris using Kasomel emulsifying salts (K-2394). The effect of the addition of the alga on the sensory, chemical and rheological properties of the processed cheese was then investigated to see whether alga addition could have an added value on the nutrition benefits of the processed cheese since they carry a high value of nutrition and health benefits in themselves. The research has revealed the following results.
Sensory evaluation for processed cheese with/ without alga. Table 3 presents the results of adding 2%, 4% and 6% Chlorella vulgaris alga to sensory properties of the processed cheese analogue. The products with 2% and 4% added Chlorella vulgaris alga did not exhibit and significant difference in terms of the breakdown properties, stickiness and chewiness. Also, a granular texture appeared in the cheese analog and increased when the percentage of added alga was raised. The best treatment of cheese analog was the cheese with 2% added Chlorella vulgaris, which was the nearest to the control sample. Overall preference score for the 2% chlorella cheese sample was 4 from 5, compared to the control sample which was 4.5 from 5, whereas the 4% chlorella cheese sample was 3 from 5. The processed cheese with 6% Chlorella vulgaris alga showed marked differences in most properties of the sensory assessment, and hence this sample was rejected. On the basis of the above results, further investigation was only carried out for the products with 2% and 4% addition of dried Chlorella vulgaris alga.
Chemical analysis of the studied processed cheese. The results of the chemical analysis presented in Table 4 indicate that the addition of the alga to the processed cheese increased the fat content slightly, from 19.5% for the control sample to 19.8% and 20.5% for the processed cheese with 2% and 4% Chlorella vulgaris alga respectively. The processed cheese with 4% Chlorella vulgaris also exhibited the highest level of total protein (TP) (12.25%) compared to the control sample which, only contained 12% TP. This is due to the fact that the Chlorella vulgaris alga biomass has high protein content; around 55.7% (Radhakrishnan et al., 2017) . The alga added fiber -about 0.11% and 0.16% for processed cheese supplemented with 2% and 4% of C. vulgaris respectively, which can be attributed to the fiber content in the alga biomass mentioned by Abdel-Razik and Mohamed (2013) .
It was also found that the addition of alga to the processed cheese increased the ash content of the processed cheese. The highest level of ash was in cheese with 4% Chlorella vulgaris (3.05%), while the lowest level was in the control sample (2.26%), and this result is in agreement to what was mentioned by Shalaby and Yasin (2013) , which also indicates that the addition of alga is responsible for adding mineral elements to the product. The pH level and acidity of studied cheese. The results in Table 5 indicate that the pH level increased with the percentage of alga added. This may be due to the pH value of the algae themselves; Abdel-Razik and mentioned that the pH value is 6.5 for Chlorella vulgaris biomass. When storing all products at 7°C, the pH value was noticed to decrease as the storage duration increased, which could be attributed to the acidity increase of the cheese during storage, which can be observed in Table 5 and conforms to the report of Faten et al. (2014) and Nayra et al. (2017) .
Mineral content of the processed cheese with/ without alga. The results presented in Table 6 indicate that the alga added a number of minerals that are important in the human body. Selenium, which has antioxidant and anti-cancer properties as reported by Rayman (2000) , was found at 25.11 mg/kg content in the processed cheese with 4% Chlorella vulgaris, compared to 2.494 mg/kg in the control sample. The addition of the alga increased the zinc content to 36.98 mg/kg for the processed cheese with 4% Chlorella vulgaris addition. Bimola et al. (2014) reported that zinc is important for the human body to care for the skin, teeth, bones, hair, nails, muscles, nerves and brain function. The body uses zinc to heal wounds and pneumonia, in addition to its support for body growth. Chlorella vulgaris added iron content to the processed cheese, recorded at 52.26 mg/kg for the 4% Chlorella vulgaris sample compared to only 6.938 mg/kg for the control sample. Iron is one of the most important nutrients for the body, as it is one of the elements forming hemoglobin in red blood cells, as well as one of the elements forming myoglobin that distributes oxygen throughout the body and stores oxygen in the muscles and tissues. Also, iron is an element in the formation of many enzymes that the body needs for its generation of energy, as mentioned by Jackson (2010) . The Chlorella vulgaris cheese sample showed a high content of magnesium; 38.53 mg/kg compared to 17.27 mg/kg for the control sample. Magnesium is another important element that the body uses to regulate the transfer of nerve signals and nerve connectivity. Magnesium also regulates muscle contraction, blood pressure and insulin metabolism. It also plays an important role in the treatment of many diseases, such as Alzheimer's, insulin resistance, diabetes, high blood pressure and heart and blood vessel disorders such as strokes and migraines, as reported by Gröber et al. (2015) . The samples with alga did not show significant increase in the calcium content compared to the control sample, as calcium is already one of the main nutrients in milk.
The results also indicated high potassium content, which was reported at 62.69 mg/kg for the Chlorella Means followed by the same capital letters (A−C) in the same row and values followed by the same small letters (a−c) in the same columns are not significantly different (P ≤ 0.05). (2012) reported that high doses of potassium have a positive effect against many problems that affect the cardiac system, kidneys, bones and blood vessels. Continuous intake of potassium reduces blood pressure and is also effective in reducing the risks of strokes and preventing chronic kidney damage. There has been a growing volume of reports indicating the strong relationship between potassium intake and positive effects on the function of muscles. Alga contain all these minerals and more as reported by Radhakrishnan et al. (2017) and Tokuşoglu and Üunal (2003) and this explains their higher content in the Chlorella vulgaris cheese. Vitamin content of the studied processed cheese. Some species of algae are considered an important source of essential vitamins such as: A, B1, B2, B6, B8, B12, E, K, C, biotin (B7), pantothenate (B5), nicotinic acid (B3) and folic acid (Beheshtipour et al., 2013) . Vitamins are vitally important compounds that the human body needs in order to carry out many functions, such as producing body tissues and protecting against many diseases. Table 7 presents the content of some of the vitamins that were investigated in this study in the studied processed cheese and concluded that the alga slightly increased the vitamin content of the cheese produced with the alga, especially vitamin A, B2, B6, D and E.
The vitamin A content was found to be 5.853 µg/g for Chlorella vulgaris cheese compared to 5.093 µg/g for the control sample. The content of vitamin D in the Chlorella vulgaris cheese was 0.582 µg/g compared to 0.545 µg/g for the control sample. The vitamin B6 content in the Chlorella vulgaris cheese was found to be 2.103 µg/g compared to 0.752 µg/g for the control sample. The vitamin B2 content in the Chlorella vulgaris cheese was found to be 5.010 µg/g compared to 4.917 µg/g for the control sample. These vitamin contents are basically an indication of the presence of these vitamins in the algal biomass as reported by Blas-Valdivia et al. (2011) and Gyenis et al. (2005) .
Meltability of the studied processed cheese. Table 8 presents the relationship between the meltability of the processed cheese and the effect of adding alga to the processed cheese, at zero time and during storage at 5-7°C. The addition of alga to the processed cheese increased the degree of meltability compared with the control sample both, for at zero time and after storage. The 4% Chlorella vulgaris cheese had the highest degree of meltability (186 mm) while the control sample had the lowest (57 mm). The meltability of the cheese increased with increasing storage time for all treatments. Mohamed et al. (2013) reported that the Means followed by the same capital letters (A−D) in the same row, and values followed by the same small letters (a−c) in the same columns are not significantly different (P ≤ 0.05). www.food.actapol.net/ degree of meltability of the processed cheese could be affected by the ingredients of the products, and/or the increased rigidity and reduced flowing rate could be attributed to the reduction of the size of the fat granules. Solowiej (2007) found that the viability of fusion is related to the increase in pH value, the smoothness in texture, the high degree of disintegration of casein and the reduction of fat emulsification. The soft texture of the processed cheese, together with an increase in the moisture content, could also lead to an increase of the meltability.
Oiling off. The degree of oiling off in the studied processed cheese is recorded in Table 8 . While the control sample indicated a value of 40 for the degree of oiling off, Chlorella vulgaris cheese with 2% and 4% alga content recorded 41 and 43 for the degree of oiling off at the zero time respectively. Suhila et al. (2016) mentioned that the low degree of oiling off could be attributed to the high stability of the emulsified material and the good fat emulsification in the texture. During storage of the processed cheese, all products showed a gradual increase in the degree of oiling off proportional to the storage duration. The control sample recorded the lowest value; these results were in agreement with Shamsia et al. (2011) .
Bachmann (2001) and Hassan et al. (2007) pointed out that the increase in oiling off could be due to the existence of another protein other than casein in the processed cheese mixture, which makes the cheese less capable of keeping the protein inside with the fat in the emulsion, and this is more likely to take place as the storage period is increased. On the other hand, the milk protein and its content of casein, which possesses the ability to form texture (structure of cheese and strength) and react with the balance system, results in an increase in the ability to hold fat in the emulsified material and in the reduction of oiling off during the storage period.
This also explains the increase in oiling off in the cheese products with alga, as they contain small portions of algal protein and hence were less capable of keeping the fat inside, as in the case of the casein in milk. This will therefore result in a relative increase in the oiling off in the cheese products with alga compared to the control sample. Therefore, it is possible to control oiling off by selecting suitable emulsifying salts for the manufacture of processed cheese.
Antioxidant activity. Among the unique characteristics of algae is its content of strong antioxidants that renders algae an important health supporter, as these anti-oxidants prevent the damage of tissues due to free radicals by either preventing free radicals from forming or by catalyzing their disintegration, and hence preventing cancer (Surh, 2003) . Matsukawa et al. (1998) reported that 100 algae have been extracted from hot water springs and ponds in Japan that have high antioxidant properties. This allowed their use in the manufacture of many materials, medicines and cosmetics (Tramper et al., 2003) . Blas-Valdivia et al. (2011) indicated that Chlorella vulgaris contains many antioxidants, such as lutein and chlorophyll, and metal antioxidants such as selenium. In this study, the activity of the antioxidants in the cheese with alga were investigated and compared with those of the control sample as shown in Table 9 . It was clear that the activity of the antioxidants was much higher after adding alga to the cheese, with scores of 54.85% for the control sample compared to 68.33% for the samples with Chlorella vulgaris. The difference in the activity of the antioxidants could be attributed to its composition level in the samples or due to the effect of the cooking temperature as pointed out by Réblová (2012) , who indicated that the antioxidant activity decreases with increased cooking temperature. The phenolic acids are not all affected by the cooking temperature between 90-150°C, while the effect of temperature on metal elements such as selenium will not be the same as the effect on phenolic acids or antioxidant vitamins such as vitamin E. Hence the difference in the antioxidant activity could be either due to the cooking temperature, or to the sample composition and its content of antioxidants and their type. 
Improvement of analog processed cheese properties
This part discusses the improvement of the properties of processed cheese with alga to adjust the defects which appeared in the resulting cheese in the first part of the research. The defects were the granular texture, high oiling off and high meltability.
To improve the textural properties, Chlorella vulgaris was studied in the form of slurry for manufacture of analog processed cheese. To improve the oiling off and meltability, S9S and S4 emulsifying salts were tested in manufacture of analog processed cheese as shown in Table 2 . Emulsifying salts are of major importance in processed cheese production, as they are used to provide a uniform structure during the melting process. The essential role of emulsifying salts in the manufacture of processed cheese is to supplement the emulsifying capability of cheese proteins. This is accomplished by removing calcium from the protein system, and peptizing, hydrating, swelling, solubilizing and dispersing the protein. In addition, it emulsifies fat to stabilize the emulsion, controls pH and forms an appropriate structure after cooling (Awad et al., 2002) . The research has revealed the following results:
Sensory evaluation. As shown in Table 10 , all treatments were acceptable for surface appearance, flavor, spreading quality and oil separation, and the cheese samples made using S4 emulsifying salt were the best for firmness of body and spreading quality. But with regard to granular texture, treatments made using dried soft powder of alga had low scores in terms of smoothness of texture and breakdown properties.
The granular texture completely disappeared in cheese made using slurry of alga, and this can be inferred based on the degrees of arbitration of smoothness of texture in Table 10 . This may be due to using the alga in the form of slurry. Oiling off was absent in all treatments and this explain that emulsifying salts (S4 and S9S) were better than Kasomel emulsifying salt (K-2394). Table 11 show that total solids and fat values were acceptable in all samples. The pH value of cheese samples made with dried alga were higher than the control, ranging from 6.00 to 6.05 and from 5.77 to 5.83 in cheese with alga and control samples respectively. This may be due to the high value of alga pH. But pH in cheese sample with slurry alga was lowest (5.68). Rheological properties. Table 12 shows the rheological properties (oiling off, meltability and penetrometer degree) of analog processed cheese to study the best emulsifying salt. Both S9S and S4 emulsifying salts were better than Kasomel emulsifying salt for studied rheological properties. For oiling off, Kasomel cheese samples demonstrated the highest values. Oiling off rates of cheese samples made using S9S and S4 emulsifying salts were identical to the results of Mohamed et al. (2011) . Meltability of chlorella cheese samples were nearest to control samples when using both S9S and S4 emulsifying salts, while the meltability of cheese samples made using Kasomel emulsifying salt was very high. The cheese samples made using Kasomel emulsifying salt had the highest degree of penetrometer reading (150 and 120.5 mm in control and chlorella cheese respectively) while the cheese samples made with S4 emulsifying salt were the lowest (75 and 102.5 mm in control and chlorella cheese respectively). Based on the previous results, we found that both S9S and S4 can be used for the manufacture of analogue processed cheese made with Chlorella vulgaris and the best emulsifying salt is S4. Cheese samples made with slurry alga had acceptable degrees of oiling off, melting index and penetrometer reading. This explains that using slurry of Chlorella vulgaris in processed cheese manufacture is suitable.
Chemical analysis. The results in
CONCLUSION
This study has highlighted the nutritional value of Chlorella vulgaris, due to its rich content of fiber, metal elements, vitamins and antioxidants, which are nutritional compounds that support health and protect humans from many diseases. From the results of the study, we recommend supporting the manufacture of the processed cheese with the addition of 2% of the Chlorella vulgaris alga in soft powder form and 4% of the Chlorella vulgaris alga in slurry form at the end of processing, so that the cooking temperature does not damage the useful nutrients found in this alga, hence improving the processed cheese product for fostering better health and supporting the nutritional value. Research is also recommended using S4 emulsifying salt for the manufacture of analog processed cheese with slurry of Chlorella vulgaris. 
